We study the kinetic effect of extrinsic fluorescent labeling agents on protein-ligand binding affinity and find that the kinetics is related to the loss or change of protein function when proteins are fluorescent-labeled.
Biomolecular processes are commonly characterized and quantified by fluorescence-based detection methods, which are preferred for high sensitivity, safety and relative ease of use, and an increasingly large selection of labeling agents. However it is known that labeling either the protein or its ligand with fluorescent tags may profoundly change innate characteristics of protein-ligand interaction and subsequent biochemistry involving the ligand or the protein or their complex [1] . Impairment or degradation of original protein functions is a ubiquitous effect of fluorescence labeling. But how a fluorescent tag quantitatively changes specific and non-specific binding of a protein to other molecules is generally less known, mainly due to lack of experiments that directly compare the binding affinity of an unlabeled protein with an unlabeled ligand with the affinities obtained when either the protein or the ligand is fluorescently labeled under the same reaction condition. Here we report a set of experimental studies of the effect of fluorescently labeling proteins on binding constants of protein-ligand reactions. We have developed oblique-incidence reflectivity difference (OI-RD) microscopes for label-free detection of biochemical reactions. These microscopes detect reactions by ellipsometrically measuring changes in thickness and dielectric response of pre-immobilized biomolecules. At oblique incidence, the ratio of the Fresnel reflection coefficients, r p /r s = tanψexp(iδ), changes in response to a surface bound change, such as binding of macromolecules. For transparent microarray substrates and biological macromolecules, only changes in phase, ∆δ, are significant. OI-RD microscopes directly measure ∆δ. An OI-RD microscope configured for total internal reflection illumination of a microarray is shown in Fig. 1 . A p-polarized Nd:YAG laser beam is polarization modulated with a photoelastic modulator (PEM) and then an adjustable s versus p phase difference is introduced by a phase shifter (PS). A cylindrical lens (L1) focuses the beam into a narrow line on the microarray surface at an incidence angle greater than the critical angle. An infinity-corrected objective projects an image of the illuminated line onto a linear photodiode array (PDA) detector, after passing through an analyzer (A). The phase shifter is initially adjusted to zero the first harmonic component of the detected laser intensity on the bare glass slide. The resulting nonzero first harmonic intensity at other times/locations is directly proportional to ∆δ and, for macromolecule film thickness d much less than the wavelength λ, is given by [2]:
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CThZ2.pdf 978-1-55752-859-9/08/$25.00 ©2008 IEEE where ε 0 , ε s and ε d are the dielectric response of the ambient, glass slide, and microarray spot, respectively, and φ inc is the incidence angle. To acquire real-time binding curves from a set of surface-immobilized printed molecular targets, we select one pixel of the PDA for each of the targets and one pixel for the unprinted region adjacent to the target as the reference and measure the OI-RD signals from these pixels. To remove the drift in the optical detection system, we take the difference between the OI-RD signal from the target pixel and that from the neighboring reference pixel.
We investigated a number of protein-ligand binding reactions in order to compare the kinetics obtained using the unlabeled protein probe with that obtained using Cy3-labeled protein probes. In Fig. 2(a) , we show the binding curves for reactions of Cy3-labeled and unlabeled streptavidin with surface-immobilized cyclic peptide CHPQGPPC-BSA conjugates. At t = 0, the aqueous ambient in contact with the target microarray is changed from 1×PBS to a streptavidin solution in 1×PBS at a molar concentration [C] = 420 nM. The kinks in the curves mark the moment when the ambient is restored back to 1×PBS due to the detachment of the captured streptavidin from the surface. In Fig. 2(b) , we show the binding curves for reaction of streptavidin with surface-immobilized linear peptide SAWHPQFEK-BSA conjugates. It is clear that the binding affinities of streptavidin to these two small peptides are significantly reduced when streptavidin is labeled with Cy3 molecules. We note that from X-ray diffraction studies, the linear peptide SAWHPQFEK binds to the same pocket of streptavidin that a biotin molecule would bind to. By having the streptavidin labeled with Cy3 dye molecule, such a change in binding affinity has to come from a conformational change in the pocket. To be more quantitative, we fit the curves to the Langmuir 1-to-1 binding kinetics with a probe-concentration dependent on-rate, k on [C] and an off-rate k off . During the uptake, the Langmuir 1-to-1 binding reaction kinetic prescribes the optical signal to vary as S on (t) = S on, saturation [1 − exp(−(k on [C] +k off )t)]. And after the protein probe solution is quickly replaced with 1×PBS, the same model predicts the signal to evolve as S off (t) = S off (0) We have also studied the effect of Cy3-labeling on antibody-antigen binding affinity. We found that k on of monoclonal goat anti-rabbit IgG (against the F ab domain) binding with rabbit IgG (as an antigen) decreases by a factor of 2 while k off increases significantly when the goat anti-rabbit IgG (from the same batch as the unlabeled IgG) is conjugated with Cy3 dye, and k on of non-specific binding of polyclonal goat anti-rabbit IgG (against the F c domain of rabbit IgG) to human IgG and mouse IgG increase by a factor of 2 ~ 5 when the polyclonal goat anti-rabbit IgG is labeled with Cy3 dye.
[1] T. Kodadek, "Protein microarrays: prospects and problems ", Chem. & Biol. 8, 105-115 (2001) .
[2] X.D. Zhu, J.P. Landry, Y.S. Sun, J.P. Gregg. K.S. Lam, X.W. Guo, "Oblique incidence reflectivity difference microscope for label-free high-throughput detection of biochemical reactions in a microarray format," Appl. Opt. 46, 1890 Opt. 46, -1895 Opt. 46, (2007 .
(a) (b)
